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are required. 

cooling air-condmoning in warm environments. 

Convex as - ^"jTl^ 

onanisms and many materials and me.no* * have ^ ^ 

effe ct on energy consumption in ~ J^^^n and oonveotion 
5 « radial processes- from surfaces at near ambient 

processes but are iess sens„ve to «d processes to 
temperatures. It is possible to control n * prop , Bte surtac e coating materiais. 

reduce or promote heat transfer .nto a room using app p ^ ^ 

'^example — — . usual, a— £ - - jnsuiation surfaoe to 

25 conventionai, unmod«. de^rative ^JJ*^ 

plgm en te in a solvented, optically dear — , gm ^ ^ 

bind er is convenflonally an organic <> ^ sudl asflow 

increased IRTreflecWty exist in the literature. 
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absorp t,on in the pigment parflrte, mu^e, -J- , 
though the organic polymer binder and poor scatte ' n 3 wave ,engths. 
■JL index - the «nders and ^ = ^ ^ 

MMM in the iR T waveband of greater than 0.3 are dfflo 
10 coatings based on scattering granular pigments. 

provide the IRt reflector component. WW . range „ 
pigmented coating compounds with reduce d ««. ^ 

15 m e heat radiation for camouflage purposes ) as me , Rt ^ 

a.umlnlumflaKeinth.s^-gelO.oSOm.c^ «^ ^ high 

pigment . such me = .e and ^J^ M »*~*~ 
reflectivities in the range 0.7 to 0.76. u g ^ anQ a 

ins^a^dencytocongregateandon^eat^ nte ^ djty 
20 binderohc^nforhightransparen^n^w^ p ^ of Type 2 

prepared with an IRt reflecflvriy of between " ^ 3Q diameter 

— — 7.:::::: * 00,0, ^ * . h, 9 h 

aluminium flakes is aestheflo, s,nce they ap P ^ Qn 

, RT reflectivity.ormu,a«on(orgrey-metal| 1 cor gold ^ sma „ 

25 ^red metals such as tungsten and brass «M By " <* g — 
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over trie meta, flakes to provide the visual colour, the 'colour layer. 

id rad iation to reach the reflector part.cles and be reflected 

metal reflector layer causing the paint to appear 's.lvery'. 
the problems associated with prior art formulations of Types 1 to 3. 



20 



A ocord,n g ,y - — n provides an "^^"^Z^ 
reflects core fiaKe (wherein the core has a th.ckness of " " 1 
infrared transparent materiai which is coated on some or ai, of the surface 

environmental protection for the core material. The IR T reflective 
metallic or conductive oxide material. 
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increase in binder refractive index and consequential TIR losses. 
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Ths reflector layer needs to be anciently reflect so that It reflect. • 

inddent IRt. This equates to a DC electttoa. reality in the range 0.1 to 50O* . .deally 

intherange1to10£Xr 1 . 

edge thickness should be minimised to reduce scatter and subsequent 
Therefore, the core materia! should ideally be less than 0.2 „m thtok. 

tne range 0.0 15 ,o 0.05 „m thick an, Imore —^^^10 
tow conductivity metals such as a chromium based core, the th.ckne 
therange0.08to0.12//m. 

0.4 //m. 

rr core is greater than ,0 „m. Not. atthough the tern « . «- » 
skilled reader would understand that the flake does not need to 

- irregular shape the term diameter refers to the smallest d-menston of the flake. 
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preferably me flaxe diameter - less * ^ decorative 

range 30-40 /jm. 

♦ho iR reflector core must be sufficiently transparent to transmit 

nrocessing This requirement Is met using a miramum thickness ot u.* p 

Prefers, the infrared transparent coating materia, compieteiy encapsuia.es the core 
material. 

exhibit significant transparency ,n the ,R ^ ten9 *^ self . co)oured . Examples of 
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ref.ecflv.ty, inc.ud.ng. but no. MM to. indium and fluor.no doped ^ 

reflective varnish can be made. 
, preferably.thecorecomprises.ndiumorfluorinedopedtinox.de. 

is nu\ 

According to a second aspect a, the present — mere fc « P-* 
fo rmu.at.on comprising infrared reflective flakes accord,ng to the flrs, aspect of 
present invention. 

20 According to a third aspect o, the present invenflon. there ,s now 

fluJon comprising infrared reflective flakes according to the flrst aspect of 
present invention. 

s According to a fourth aspect o, the present invention, there , now propose. , a ge, coat 
formuiauon comprising infrared reflective flakes accordmg to the flrst aspect 
present invention. 
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the accompanying drawings in which, 

ngure 1 s h ows a graph - <or an a«er interface as a funcflon C 

refractive index of the polymer, 

tot a, interna, reflection angle as a function of refractive ,ndex o, the med,um. 
to the standard pigment which vahes great, hetween 0 and 50% reflectance. 
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„ s part of the electromagnetic spectrum is caiied theThermal Infrared (IR T ) reg,on. 

To a first approximation, the «, ene W emitted by a surface is given by me Stephen- 
Boltzmann equation: 
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W = eoT* 



w here W is the radiated power, V is the emissivity, V is the Stephen-Bo— 
15 constant and T is the temperature in Kelvin. 

generally states that for opaque bodies: 



= !-«;>. 



^are V is the emissivity and 'ft.' is the surface, refiectivity a, waveleng* X. Thus, 
by the body according to the relationship: 

with high IRt absorption will also have high IR, emissivrty and low IR T reflectivity. 
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rr,L - — - — r — - : 

■ ■ ir wavelenaths. Decorated surfaces typify 

higher em.ssiv.ty at IR T wavelengtns. nQflnd095 This is a consequence 

of the mapnty ot materials typically absorb \R T 

by the equation: 

emissivity in the IR T waveband in the range 0.02 to 0.1 5. 
L Lsners equation from which the reflect coefficient (* ) can be oenved. 
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J? 



~~{n+\)+riz 2 ' 



.here n is the refractive index ratio of the materials and x is the extinction coeff-cient. 
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l Fr esnerse qU a«on, l sp to «eaforre fra c«veina i ces^een1ana2. 

T he radiation - - prepare «o the materia, - * " ^ 

another Interface. Absorption occurs according to the Beer-Lambert iaw. 

Abs = X* c * l > 

' wh ereAbsisthea b sorp«on, x is the auction coe^ent of an a te orhin g spea.. Cis 
■ o an H z the oath length through the material. The 

l5 ending stretching and rotation around ^^J^^^^tm 
absorption the concentration of absorb.ng mo«t.es and/ P 
material need to be minimised. 

sub-diffractive and effective media theories are relevant. 
When radiation passes from one transparent medium 

equation: 

mSine^nzSinOz, 
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This angle is given by; 

Sin 6-hr = n 2 / "1 

the reflected incident light leaves the film. 

15 For a polymer-air inters, where the reflate Indices are typicai* in « 1 

1 6 i nternal reflection occurs when the incident angie is greater than 40 ,0 45 . Due 

the reflectivity and minimise the emissWity of paints in the * waveband. 

WaV6,en9 tl^I^ binder with refractive index of 1.5 with 0.2 v/v of 
opaque paint base is increased, a calculated 
200nm diameter (sub-scattering) titania, refract,ve .ndex 2.7 will ha 

. J • thoiR , 0 fi 74 and consequently a value of 9 T ir of 35 . 
30 effective refractive index in the IR-rhermai on . r+ ana 

• • • h« of iRt energy in the binder material it is important to select materials 
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losses from TIR and increased optical pathlengths. 

loured » reflective paints Is to decrease the — * - ^ 0.4 for 
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described. 



of a three layer structure (2, 4, 6). La V otherwise coloured, 

anQ environmental proteotionto the IR T refleotive coreflake, 4. 

i / m Pinure 3} can be formed from a 
The IR T refective core flake, (denoted by numera a • 

from 

Wlde variety of ratals or metallic oxides but for * - ^ 4Q m For 

alu minum ,« will » have a thickness, (8 ,n 

a chromium core flake this thickness would be ,n the range 80 to 

30 anthroquinones. 

rrrr^rrrr r: -*. « - - 
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■aluminium ^ layer (4 in Figure 3, For such a — n the «aKe has an » 
emissivity in tha range 0.15 - 0.2 and a dark blua colour. 

A fla Ke according to this — n can be formed in a vadety o, ways but a pra f erred 
5 method of manufacture is described as follows. 

Figure 3). 

Alay er of aluminium is men deposited onto the surface o, tha dye-containing polymer by 
evaporation. This layer will form the IR T reflective core (4 in Figure 3). 

Figure 3). 

25 through conventional processing, for example, wet grinding. 
30 removal. 

Related permutations o, tha basic structure that will create different decorate effects - 
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shade on each side can be vaned The ^ refl6ctOT „ be 

vis uai diffraction ef.ec* or 



